This paper presents quantifiable sustainability elements in manufactured consumer electronic products. A "Sustainability Scoring" method is introduced at the design stage. A new product can be evaluated using this method for its integral elemental and the overall sustainability contents impacting the product when it reaches the end-of-life by considering the entire life-cycle including the effective residual use of recovered materials in the subsequent life-cycles of the same or different products. This procedure can also be used by design engineers for comparison with a similar product, such as a prior or a subsequent model, or one from a competitor.
INTRODUCTION 2
Electronic products frequently become obsolete due to the rapid technology advancement in the industry. In general, new products are being introduced at a faster rate than that at which the current products are being discarded. This is a growing concern for the Original Equipment Manufacturers (OEMs), and also for the government regulatory organizations such that the landfill and incineration options are significantly being reduced or eliminated due to their adverse environmental effects [1] . In this regard, the evaluation of "product sustainability" plays a major role in its long-term aim of conserving resources for the future by the design and manufacture of "green" products. The societal value of such products is ever-increasing while the emerging economic benefits are shown to be significant [2-3] and design engineers need a goal to estimate these characteristics at an early stage of the product design cycle. Although the concept of sustainable products has existed for a long time, it is only in the last two decades that researchers have realized the need for further research and for the potential for model creation with predictive capability. The Sustainability Target Method (STM) is one such model developed to express the overall relationship of the economic value of a product with the environmental impacts. This method provides a calculation of indicators for resource productivity and eco-efficiency, and decides if an end-of-life option is feasible [4] . There are models that consider environmental effects at the design stage of a product development [5] [6] . Recently, Life Cycle Assessment (LCA) methodologies have also been modified and incorporated into the design stages of product development, but once again, these methods heavily concentrate on environmental impacts [7] [8] . While significant research and application efforts continue on the effects of environment, society and economy in the design of products, processes and systems, very little has been reported on quantitative modeling of a product for its inherent overall sustainability level. A comprehensive and simple guide to design and manufacture of sustainable products is still lacking. While the LCA and other life-cycle models require an extensive amount of data, product development engineers are in need of a simple model that is quick and easy to use [9] and the proposed model can help the design engineers make prompt and early decisions on their design choices. The importance of this type of assessment is highlighted by the growing quantity of electronic waste and the concern for the welfare of future generations and preserving resources. Although there are various partial sustainability assessment methods available today for products, none of these methods provide a comprehensive evaluation to take into account of all possible, and often conflicting influencing factors which would obviously require a trade-off. The proposed new method is directly applied to consumer electronic products, but with sufficient data, this method could be customized to other products too. This method provides a simplified product sustainability scoring technique where the inputs of the model consist of data available at a design stage of a product development, and electronic products manufacturers are in need of such predictive models for their product range [10] .
SUSTAINABILITY ELEMENTS
Six major "Sustainability Elements" have been identified and introduced in this model. These are: product's environmental impact, societal impact, functionality, resource utilization and economy, manufacturability and recyclability/remanufacturability [11] (see Figure 1) . Each of these elements was further analyzed and a subelement level was achieved with identified influencing factors (see Table 1 ). The need for introducing six specific elements that differ from the conventional three broad categories (environment, society and economy) was to incorporate processes and systems criteria that are significant in sustainability decision making. Functionality is a key aspect of a product where upgradeability, modularity, and maintainability all contribute to sustaining a product. Manufacturability deals with assembly, transportation and packaging where new legislations are coming into effect. Recyclability/remanufacturing is a very extensive element where the electronics industry has to focus heavily on waste minimization and resource preservation. With the introduction of the above six sustainability elements and corresponding influencing factors, a new framework can be developed to measure the level of sustainability built into a product at the design stage as shown in Figure 2 . The inputs of the model consist of data available at the design stage of the product development process and the output is an index that indicates the level of sustainability in the product. Data is used to create 44 different influencing factors belonging to 24 sub elements (see Table 1 ). This index will represent the six elements individually to gain a greater understanding of the product's relationship with sustainability. METHODOLOGY Each influencing factor can be quantified differently, and ey are all on a scale of 0-1, where 0 is the lowest and 1 eing the highest rating. The method of quantifying was decided by knowledge of the data which was available at e design stage of the product such as the type of material to be used, number of components and energy onsumption. In addition to the data from design engineers, recycling informa OEMs' recyclers with regar ycling methods, cost and market value of recovere materials. A s are identified for a specific product, each influencing factor is a r code as shown in Table 1 . Three cat uced to represent the relative uencing factors r the proposed product sustainability fficient data and therefore those factors were also omitted for this study. Figure 3 ssigned with a facto egories are introd importance of all influencing factors against each other: high, medium and low, and these categories are expected to be determined by the manufacturers of the product in collaboration with their respective design and environmental teams that work in conjunction with a marketing team conducting frequent and regular customer surveys. This grouping technique creates a weighting factor as well as the simplification for any customization or changes for the future. Specific weighting can also be calculated according to the number of infl in each category. The measures for the influencing factors are created by a combination of currently existing models using already established indicators such as eco-indicator 99 [12] and also important regulations that are or will soon be in effect. Some of the measures from the directives include hazardous substances that need to be eliminated by July 2006 [13] and recycling and recovery standards that need to be achieved by December 2006 [14] . This is a critical issue as OEMs need to be ready to implement these standards if they market their products in the European Union. Recyclability/ Remanufacturability scoring model was developed and validated through a case study on a laser printer manufactured by Lexmark International. After reviewing the sub-elements of product sustainability, Lexmark chose 10 out of 24 as important sub-elements for their products, and these were further grouped into five 'high' and five 'medium' importance categories. The 'low' importance category was omitted due to lack of interests by the project sponsor of this case study. The chosen sub-elements included a few influencing factors that the manufacturers or the recyclers had insu cedure adopted After the relevant product sustainability data is c compiled and used, the influencing factors are ca to ttribute criterion. inability level. There are t sub-element level, and after reaching the importance category selection level. The weighting for both levels we he design a teams' rela largely refl nsive practical product design experience (see Table 3 ). As seen, the energy efficiency and rel e hig ories which b source utili y, and the fu ents of our proposed product sus res was 100
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Weighting
Energy efficiency 29
Material utilization 20
Life-cycle factor 13
Environmental effects 19
Recyc 19 lability
Medium Importance
Weighting (%)
Reliability 27
Service life/ Durability 22
Ethical responsibility 16
Packaging 21 Upgradeability 14 Table 4 : Calculated Product Sustainability Score for Product 1 (Model 2).
By using the weighting guidelines provided by the Lexmark's team, the following specific calculations were performed to reach precise product scoring.
High Importance Category Index = (Energy Efficiency Index * 29) + (material Utilization Index * 20) + (Life-cycle actor Index * 13) + (Environmental Effects * 19) + (Recyclability * 19)
Medium Importance Category Index = (Reliability Index * ility x * 21) + (Upgradeability Index * 14)
The next level of the flow chart includes the weighing es by the d by the industry sponsor. Therefore, the final evaluation will be made as:
portance Category Index * tegory Index * 30%)
ated product of Product an the score of 0.59 calculated for the earlier model (Model 1) of this product, while more im d for the next model of the product.
FUTURE DIRECTIONS IN SUSTAINABLE
PRODUCT DEVELOPMENT Another important aspect of this research is that the l where the factors included are urvey. The survey included e pricing of the electronic product, back options, recycling gy consumption. This finding shows were not as interested in the same ectronics manufacturers (see Table 5 and Figure 4) . The manufacturers ranked ely pect, whereas the consumers ranked the societal impact including personnel s their top choice, with product's ly ing. The manufacturability aspect was excluded from the consumer survey as the average consumer is unlikely to be knowledgeable about manufacturing s pay a greater Table 5 : Results of the Consumer Survey. The successful production and marketing of a sustainable product solely depend on how well the manufacturers' and consumers' ideologies and expectations merge together. Although the consumer belief is difficult to change rapidly, it is a major challenge that all manufacturers have to deal with and possibly conquer with more societal benefits in mind in the future. This type of simple evaluating methodologies can also be customized for consumers' interest for their preferences in product choices in the market. As seen in Figure 4 , there is a broad gap that needs to be bridged between expectations of the consumers and the manufacturers and this proposed model can be considered as the first necessary step in the right direction to perform this useful service. Inevitably, OEMs will be required to focus significantly on implementing concurrent engineering principles, involving product teams at the product design stage, along with this proposed model to provide a comprehensive evaluation method [3] Datschefki, E., January 1999, Cyclic, Solar, 
